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Slip velocity functions commonly used in kinematic inversions and forward simulations 
have a number of problems that affect the computation of high frequency ground motion. 
These problems include an imposed greater than omega square high frequency spectral 
decay rate, introduction of spectral holes from the use of temporally sharp functions such 
as boxcar and triangle functions, and the use of functions that are inconsistent with dyn-
amic rupture models. We introduce a new analytic slip velocity function parameterization 
that has the favorable attributes of a smooth spectrum with an adjustable high frequency 
decay rate. This function has two parameters. One describes the rise time and corner 
frequency, and the other defines the sharpness of the onset of the time function and the 
high frequency decay rate. This function convolved with the finite rupture process yields a 
net source spectrum with an omega squared high frequency decay rate consistent with 
observations, and does not suffer from spectral holes that can bias frequency or period 
dependent ground motion parameters. We apply this function to published kinematic slip 
models for the 1979 Imperial Valley, 1989 Loma Prieta, 1992 Landers, 1994 Northridge, 
1995 Kobe, and the 1999 Izmit earthquakes to document the range controlling parameters 
to fit the broadband (0.05 to 20 Hz) data. Observed and simulated spectral acceleration 
from 0.05 to 20 seconds period as well as time histories are compared. Finally, using a 
finite-difference method to solve the elastodynamic equations of motion given a kinematic 
slip model as a boundary condition, we relate the defining slip velocity function parameter-
ization to the traction evolution on the fault and dynamic rupture parameters following the 
method of Tinti et al. (2005).
τ defines the pulse width and is inversely proportional to the corner frequency. ζ between 
0 and 1 defines the sharpness of the beginning of the time function, and controls the high-
frequency spectral decay rate. When ζ=1 the above function is the omega-2 Brune (1970)
source.  Small values of ζ give spectra with less than omega-2 high-frequency decay. 
Figure 1 illustrates the behavior of ζ-STF.
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Figure 2. A) The rupture time history for a uniform 20km x 10 km rupture with the 
hypocenter located at 5 km depth at one end of the fault. This function is to first 
order a boxcar. There is initially a radial-growth transient followed by Haskell-
type behavior. B) Fourier amplitude spectra of (A, black) has approximately
omega-1 behavior. The convolution of (A) with either a triangle (red) or ζ=1.0
yields greater than omega-2 high frequency decay. The spectrum for the triangle
displays problematic spectral holes. Convolution of (A) with ζ=0.1 yields 
omega-2 behavior.
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Figure 5. A) compares the natural log of the ratio of the simulated to observed 
spectral acceleration (Sa) at discrete periods for the Northridge earthquake using 
different slip velocity functions (blue: isosceles triangle; magnenta: ω-2 model; 
red ζ=0.1 STF). The lines show the average of the geometric mean of the horizontal 
components from 60 stations.  B) is the natural log of the ratio of the simulated to 
observed Sa for 6 earthquakes. In each case there are approximately 50 stations 
used in the comparison. Kinematic slip models from the literature were interpolated 
to a subfault spacing of 100m, and Green’s functions were computed for the 1D 
velocity models cited in each paper. The rupture velocity and rise time specified by 
each study was assumed. We used the multi-window finite-source approach of 
Hartzell and Heaton (1983) to perform the simulations. The form of the STF is the only 
parameter changed. We examined a range of ζ and found the best agreement with
values of 0.1 to 0.2.
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Figure 6. Comparison of observed and simulated acceleration, velocity and displace-
ment time histories for the NS component recorded at Newhall for the 1994 Northridge 
earthquake. Velocity and displacement synthetics for the two slip velocity functions are 
nearly the same, whereas the isosceles triangle parameterization is seen to greatly 
underestimate PGA and is deficient in high frequency spectral content. On the right 
Fourier acceleration spectra are compared for the observed (black), the isosceles 
triangle STF (green), and the ζ-STF  (red).  The ζ-STF function with ζ=0.2 matches 
the data well over the 0.01 to 20 Hz bandwidth.
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Figure 7. Simulated PGA and PGV ShakeMaps using triangular and 
ζ-STFs (ζ=0.2) functions are compared to observed ShakeMaps. The 
ζ-STF greatly improves the simulated PGA map. This is also seen for 
the short-period Sa maps where spectral holes for the triangular STF 
greatly affect Sa at specific periods. The agreement between the PGV 
ShakeMaps is also very good.
Figure 3. Comparision of slip velocity functions obtained from spontaneous
dynamic rupture models (Guatteri et al., 2003) and ζ-STF (red traces). ζ-STF
 describes the overall shape, particularly the rapid rise, of the dynamic slip 
velocity functions quite well. This is not proof that the function is dynamically 
consistent, but suggests that the functional form could be used in studies like 
those of Guatteri et al. (2004), or Tinti et al. (2005) to develop a dynamically 
consistent kinematic simulation method that also benefits from smooth spectra,
 and overall omega-2 spectral decay. Here we used ζ=0.2 to fit the dynamic
functions.
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The ζ-STF function was used to determin the traction evolution
by solving the elastodynamic equations of motion for a uniform
slip constant rupture velocity model (Figure 7). This initial
calculation assumes a homogeneous velocity structure, rise time
of 1 sec, uniform slip of 1 m, and rupture velocity of 2.5 km/s. In
this calculation dx=50m, dt=0.005s, and the fault has 200x80
subfaults. Slip was tapered at the edges of the fault.
ζ-STF shows non-linear slip weakening with little variation in Dc 
with the value of ζ. On the other hand the peak traction does scale 
with ζ. Slip weakening curves are shown for different positions 
along the fault in Figure 7b.
   
Our future work will investigate relations between kinematic
and dynamic source parameters for ζ-STF using the approach
of Tinti et al. (2005)
. 
Both functions have a corner
frequency of 1 Hz.
The Yoffe function was 
smoothed by a triangle, which
introduces spectral holes at 
high frequency. The high
frequency decay rate is 
approximately omega-2.
ζ−STF has high frequency decay
rates of -1.001, -1.08, -1.34, -2.00
for ζ=0.1, 0.2, 0.5, and 1.0.
The differences between the various
functions arise for frequencies above
the corner frequency (in this case
1Hz).
The commonly used triangle function
has spectral holes, which is detri-
mental to high frequency ground
motion simulation.
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Figure 7a. Comparison of slip velocity (m/s), traction change
(Pa), and traction vs. slip plotted against different values of ζ.
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Figure 7b. Traction vs. slip for various positions on the
fault for different values of ζ. Each column shows a different 
depth. The colors show different positions along strike.
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